The present study attempts to quantitate in an economically and clinically meaningful manner the cost and cost-effectiveness of prostate cancer screening and subsequent treatment, including complications from that treatment. Outcome data from large prostate cancer screening trials using prostate specific antigen (PSA) and digital rectal examination (DRE) and PSA alone were used to construct the screening model. The benefit of screening is expressed in years of life saved by screening, which is calculated by comparing the survival rate of men with prostate cancer to the survival rate of men in the general population. The cost of screening, treatment, and complications were estimated using the Medicare data base and published reports on the cost, morbidity and mortality for radical prostatectomy. The cost per year of life saved by prostate cancer screening with PSA and DRE was $2339 -3005 for men aged 50 -59, $3905 -5070 for men aged 60 -69, and $3574 -4627 overall for men aged 50 -69. The cost per year of life saved by prostate cancer screening with PSA alone for men aged 50 -70 was $3822 -4956. A sensitivity analysis demonstrates that the cost per year of life saved by prostate cancer screening will not change substantially even if the assumptions in this model have been underestimated or overestimated by 100%. This study quantifies only those parameters which can be reliably compared in concrete terms such as dollars, treatment impact on survival, published complication rates and published treatment costs. Using this type of analysis, prostate cancer screening appears to be a cost-effective intervention. However, the issue of whether prostate cancer screening is cost-effective will be decided definitively only when randomized, controlled trials are available to quantify the costs and benefits of prostate cancer screening. Prostate Cancer and Prostatic Diseases (2001) 4, 138-145.
Introduction
Screening men for prostate cancer using PSA testing is controversial due to uncertainty regarding the benefit, cost and cost-effectiveness of such screening. Analyses of screening and treatment of prostate cancer have been published 1,2 which utilize a Markov computer model to estimate the costs and benefits of prostate cancer screening and treatment. These models have suggested minimal net clinical benefit in the treatment of low grade prostate cancer, and these conclusions have been extrapolated by the lay press and critics of prostate cancer screening to even include patients with moderate or high grade prostate cancer.
A Markov computer model is vulnerable to two sources of error. First, the assumptions entered into the model are critical. Assumptions about the natural history of prostate cancer (ie the rate of progression) and the efficacy of screening and treatment must be made when a computer model is utilized. Incorrect or invalid inputs will lead to incorrect outputs. Second, computer models have attempted to quantitate quality of life differences for men based on side effects from treatment (primarily impotence and incontinence). It is unclear whether such attempts have any clinical, economic or statistical validity. In addition, no adjustment in quality of life was made for those men who were cured of prostate cancer.
The cost and cost-effectiveness of prostate cancer screening and treatment is a vitally important issue for the US health care system. It is estimated that 180 400 new cases of prostate cancer will be diagnosed in 2000 and that approximately 31 900 men will die from prostate cancer, making prostate cancer the most common cancer in men and the second leading cause of cancer death in men in this country. 3 Given the evidence that PSA screening will detect prostate cancer at an earlier stage, 4, 5 accurate and meaningful cost and cost-effectiveness data on prostate cancer screening and treatment is critically needed.
The purpose of the present study is to quantitate, in an economically and clinically meaningful manner, the cost and cost-effectiveness of prostate cancer screening and subsequent treatment including complications from treatment. No attempt has been made to quantitate parameters such as quality adjusted life years and the impact of treatment complications on quality of life. Instead, this study has focused on survival data published in the urologic literature and on treatment costs published in the literature and available through the Medicare data base.
Methods The screening model
In this screening model, men aged 50 -70 who have at least a 10-year life expectancy are screened for prostate cancer using either a PSA and digital rectal examination (DRE) protocol or a PSA alone protocol. Men with suspicious findings on screening exams then undergo a transrectal ultra sound (TRUS) of the prostate and a TRUS guided prostate biopsy. Prostate cancer screening outcomes were obtained from the results of large scale screening trials with PSA and DRE 4 as well as PSA alone. 5 In this model, clinical staging of men with biopsy specimens positive for prostate cancer is based on the results of the DRE, the PSA, and a radioisotope bone scan. All men with clinically localized disease then undergo radical prostatectomy (RP).
The model assumes that men with clinically significant, pathologically organ confined prostate cancer detected by screening will have benefited from that screening. However, there has not been a study which shows that radical prostatectomy gives a survival advantage in men with organ-confined prostate cancer when compared to deferred treatment. Indeed, this fact has hampered attempts to quantitate the cost effectiveness of RP. Given that this critical data is unavailable, the screening model can not rely on randomized trials of the outcome of RP to derive the years of life saved by prostate cancer screening. It is important to note that this model does not assume that radical prostatectomy cures pathologically organ confined prostate cancer, nor does the model assume that outcome is unrelated to tumor grade. Instead, the model uses the well documented fact that men with pathologically organ-confined prostate cancer treated with RP have the same expected survival as age matched men without prostate cancer. 6 -8 If this population of men with prostate cancer treated with RP is compared to a population of men with prostate cancer who were not treated with RP, the difference in the survival of these two groups would represent the years of life saved by treating organ-confined prostate cancer with RP. The model uses outcomes results published by Grö nberg et al 9 as a proxy for the control population.
In the Grö nberg study, observed survival rates were recorded from data concerning diagnosis and death in the Swedish cancer registry. The relative survival rate and loss of life expectancy due to prostate cancer were then determined by comparing the survival rate of all men who had prostate cancer to the Swedish national standard population survival rate. The years of life lost due to prostate cancer were determined in men diagnosed with prostate cancer who underwent radiation therapy, hormonal therapy, or watchful waiting. Since the men in the Swedish study were treated for their cancer after detection by traditional methods (voiding symptoms and/or suspicious DRE, but not PSA testing) they represent a non-screened population of men with prostate cancer. Therefore, any lead-time bias or length-time bias associated with screening is eliminated, and screening will not have artificially lengthened the life expectancy of these men. This approach allows the effect of prostate cancer on mortality to be estimated despite the lack of randomized trials on the outcome of prostate cancer treatment.
In order to accurately compare the Swedish survival data and the outcomes data from the prostate screening studies used in this model, 4,5 the survival of the men in the study by Grö nberg et al was re-calculated for the age ranges of 50 -59, 60 -69, and 50 -69 using the original data from that study. 9 The years of life lost due to prostate cancer were 11.9 y, 6.6 y, and 7.4 y of life lost for men aged 50 -59, 60 -69, and 50 -69, respectively. The years of life lost for men aged 50 -69 is not a simple average of years of life lost for men aged 50 -59 and 60 -69 because the majority of men aged 50 -69 who were diagnosed with prostate cancer were in the age range of 60 -69.
Since the literature is unclear about the benefit, if any, of RP on men with pathological stages C and D prostate cancer, the model assumed there was no benefit from screening in these men. In the model, men with nonorgan confined cancer receive no further treatment until they become symptomatic, therefore screening will not have led to treatment costs beyond the cost of RP and the initial and late complications of that surgery.
Men with clinically insignificant prostate cancer detected by screening do not benefit from that screening. The latent cancer detection rate reported by the screening studies utilized in this model was 8.0% for PSA and DRE screening 4 and 2.9% for PSA only screening. 5 This percentage of men was removed from the number of men who benefitted from screening, but not from the total cost of treatment. Surgical mortality must also be considered. This analysis assumes a peri-operative mortality rate of 0.3% which is consistent with published results of several series of radical prostatectomies 8, 10, 11 as well as a review of 100% of Medicare claims data. 12 The years of life lost (ie life expectancy) in the men who suffer peri-operative deaths (including both men with organ confined and nonorgan confined disease) are subtracted from the total number of years of life saved by screening.
Years of life saved by prostate cancer screening were calculated by multiplying the average years of life lost due to prostate cancer per person for the age range being screened by the number of men who will benefit from screening (men who have clinically significant, organ confined disease as discussed above) in that age range, and subtracting the effects of peri-operative mortality and the detection of clinically insignificant cancer by screening as mentioned above.
Costs of screening and staging
The costs of prostate cancer screening have been previously published 13 using the average allowed charges for Medicare as the fee schedule 14 and outcomes data from large, prostate screening trials 4, 5 to estimate the cost per person screened up to the point of diagnosis. In the present model, it was assumed that all men found to have prostate cancer would undergo a radioisotope bone scan for staging purposes. Medicare charges were used to determine the costs of screening and staging in the present study. The rationale for choosing the Medicare fee schedule was that any large scale screening program needs to be performed as inexpensively as possible, and the RBRVS fee schedule is widely accepted by providers and has not significantly decreased access to health care for Medicare patients. These facts suggest that the RBRVS fee schedule provides an acceptable reimbursement level for prostate screening.
Costs of treatment
The cost of RP and initial complications (those occurring during the hospitalization for RP) were estimated using both the Medicare data base 14 as well as published reports of the costs of RP in non-Medicare patients 2,15 -17 (Table 1) . Medicare charges alone are not sufficient to estimate treatment costs since a significant number of men not covered by Medicare will be undergoing treatment. Since the published RP costs in non-Medicare patients do not include the cost of treating complications, the percentage of additional costs per case for complications in the Medicare model (see complications later) was added to the published costs of RP for non-Medicare patients to provide a range of RP charges for each group screened ( Table 1 ). The cost of complications for the non-Medicare patients was not derived by simply adding the cost of complication in the Medicare model to the published costs of RP. Instead, the cost of complications were derived by adding the percentage (from the Medicare model) of total costs of complications to the published costs of RP.
Costs of complications
The rate of late complications (defined as complications occurring after initial hospitalization) after RP was estimated by using published morbidity data for RP. The cost of treating late complications was calculated as described late using the Medicare data base. Cost information not available through the Medicare data base (ie diapers, pads, vacuum erection devices, intracorporal injections, etc) were obtained by sampling retail prices for those materials to obtain an average cost ( Table 2) .
The model assumed that 50% of men undergoing RP are potent preoperatively, and postoperatively 50% of the potent men, or 25% of all men under going RP, will be impotent due to surgery and will desire treatment for this condition. It was further assumed that 40% of impotent men desiring treatment would choose intracorporal injections, 40% would choose vacuum erection devices, 10% would choose semi-rigid prostheses and 10% would choose inflatable prostheses. While the prostheses and vacuum erection devices will generate a one time charge, intracorporal injections will result in an ongoing cost to the payor or patient. The cost model assumes men will average 50 injections per year of a commercially available preparation at a cost of $21.00 per injection. The string of future injection costs are discounted to present value using a 10% discount rate for the life expectancy of the patient.
Published urinary incontinence rates after RP from large centers range from 0 to 5%. 10,11,18 -20 However, a recent sampling of selected Medicare patients reported a 23% incontinence rate. 21 The present study assumes a 10% rate of incontinence needing some form of treatment. The present study assumed 20% of incontinent men were treated with a urinary sphincter, 20% with a Cunningham clamp (four clamps per year), and 60% with diapers or pads. Diaper and pad users were further stratified into heavy users (three diapers or pads per day -10% of incontinent men), medium users (two diapers or pads per day -20% of incontinent men), and light users (one diaper or pad per day -30% of incontinent men). The price of diapers, pads, and Cunningham clamps were discounted to present value using a 10% discount rate. Collagen injections were not included as a treatment option for incontinence as its role in the treatment of *The cost of treating complications of radical prostatectomy was obtained from Medicare database. The ratio of complication cost/radical prostatectomy cost from Medicare patients was then applied to the other studies listed to obtain the cost of complications for these studies.
post-radical prostatectomy incontinence has not yet been established. 22 The reported rate of bladder neck contracture after RP ranges from 3 to 11.5%. 10, 19, 23 The present study assumes a rate of 9% and that transurethral resection of the bladder neck will be performed in one third of these men. The remaining men will be dilated with filiform and followers in the urologist's office an average of 1.7 times and then perform self-catherization for an additional 6 months. The average allowed charge for Medicare Part B was used for the cost of the initial ($47.22) as well as subsequent dilatations ($38.37)
Results
The cost per life year saved by prostate cancer screening with PSA and DRE and screening with PSA alone appears in Table 3 This study also estimates the cost of treating late complications of RP (Table 2) . Late complications are defined as those complications occurring after the initial hospital stay. Complications added 17.3% of the initial cost to the cost of RP for men with organ confined disease aged 50 -59, 16.7% of the initial cost to the cost of RP for men with organ confined disease aged 60 -69, 16.7% of the initial cost to the cost of RP for men with organ Cost per case calculated by discounting to present value using a 10. % discount rate for the life expectancy of the patient since these are recurring charges.
confined disease aged 50 -69, and 14.9% of the initial cost to the cost of RP for all men with non organ confined disease.
Sensitivity analysis
Any estimate of cost-effectiveness that makes assumptions is open to error based on those assumptions. The amount of error is determined by the validity of the assumptions. In order to understand how an error in the assumptions made in this model would effect the results of this study, a sensitivity analysis was performed by changing various parameters contained within the model (Table 4) . One possible source of error is the estimate of the rate and cost of complications. A number of the assumptions of treatments for complications (Cunningham clamps, diapers, pads) are arbitrary and based on clinical experience rather than published data. A sensitivity analysis was performed which recalculated the cost per year of life saved after doubling the cost (and therefore roughly the rate) of complications. This 100% increase in the cost of complications resulted in an increase of cost per life year saved of 12.6% for men aged 50 -69 screened with PSA and DRE, and 12.5% for men aged 50 -70 screened with PSA alone. It appears unlikely that the cost of treating complications would be more than 100% higher than estimated in this study.
The surgical mortality rate used in this analysis was 0.3%. This estimate is well supported by large, published series of RP and an analysis of 100% of Medicare data on patients who underwent RP. 12 However, other studies which have attempted to define the cost effectiveness of prostate cancer screening have used a peri-operative mortality rate of 1.1% based on older series of RP and incomplete Medicare data. 1,2 A surgical mortality rate of 1.1% in the present analysis would have resulted in an increase in the cost per life year saved of 0.88% for men aged 50 -69 screened with PSA and DRE, and 0.83% for men aged 50 -70 screened with PSA alone.
Traditional methods of prostate cancer detection result in the diagnosis of pathologically organ confined disease in approximately one third of men with prostate cancer. 24, 25 Screening with PSA alone has increased the rate of detection of pathologically organ confined disease to 66% for men aged 50 -70, 5 while screening with PSA and DRE has increased the rate of detection of pathologically organ confined disease to 75% for men aged 50 -69. 4 To assess the effect of a lower rate of detection of pathologically organ confined disease by screening on the cost effectiveness of prostate cancer screening, a sensitivity analysis was performed to determine the cost per year of life saved if screening detected 10% (ie 65% in the PSA and DRE protocol and 56% in the PSA alone protocol) and 20% (ie 55% in the PSA and DRE protocol and 46% in the PSA alone protocol) less pathologically organ confined cancer. If the rate of detection of organ confined cancer is assumed to be 10% less than reported, the cost per life year saved would increase by 15.2% for men aged 50 -69 screened with PSA and DRE, and by 17.5% for men aged 50 -70 screened with PSA alone. If the rate of detection of organ confined cancer is assumed to be 20% less than reported, the cost per life year saved would increase by 36.0% for men aged 50 -69 screened with PSA and DRE, and by 42.9% for men aged 50 -70 screened with PSA alone.
The possible increase in the rate of detection of clinically insignificant cancer due to prostate cancer screening has led to widespread criticism of early detection efforts. 26 -28 The detection rate of clinically insignificant cancer in the screening trials used in the present analysis demonstrated a 2.9% (PSA alone screening) and 8.0% (PSA and DRE screening) rate of detection of clinically insignificant cancer. Clinically insignificant cancer in the PSA and DRE screening trial was defined as organ confined, well differentiated, and involving only one quadrant. Clinically insignificant cancer in the PSA alone screening trial was defined as microscopically focal and well differentiated. The effect of a higher rate of detection of clinically insignificant cancer on the cost per year of life saved was calculated by doubling the rate of latent cancer detection to 16.0% for screening with PSA and DRE, and to 5.8% for screening with PSA alone. These rates of latent cancer detection would increase the cost per life year saved by 9.6% for men aged 50 -69 screened with PSA and DRE, and by 3.1% for men aged 50 -70 screened with PSA alone.
The present analysis estimates the cost per year of life saved by screening only in the first year of screening. The effect of serial screening on the cost per life year saved and total cost of screening have not been calculated in the present study due to the lack of adequate published outcomes data on serial screening trials. However, it is likely that patients screened serially over several years would have a lower cancer detection rate in subsequent years 29, 30 and would undergo fewer biopsies and diagnostic procedures than seen in the first year due to the detection of prevalence cancers during the initial year of screening. Once these cancers have been detected, the cancer detection rate should decrease in future years since only incidence cancers will be detected. It is also possible ( þ ) 42.9% Doubling rate of clinically insignificant cancer ( þ ) 9.6% ( þ ) 3.1% a 65% of cancers detected pathologically organ confined in the PSA and DRE protocol and 56% of cancers detected pathologically organ confined in the PSA alone protocol. b 55% of cancers detected pathologically organ confined in the PSA and DRE protocol and 46% of cancers detected pathologically organ confined in the PSA alone protocol.
that fewer diagnostic procedures and biopsies will be needed in subsequent years because many abnormalities which are not cancerous will have already been evaluated. A trend towards a higher rate of detection of organ confined cancers would also be expected with serial screening as prevalence cancers are removed from the population. 31 A higher rate of detection of organ confined cancers would be likely to lead to a lower cost per year of life saved for serial prostate cancer screening than the cost per year of life saved for the first year of screening. However, definitive data is not yet available to reach this conclusion with any certainty.
Discussion
The availability in recent years of PSA testing for prostate cancer, along with prostate ultrasound and TRUS guided prostate biopsy has greatly enhanced the ability of the urologist to detect early stage prostate cancer. 4, 5 The improved technique for radical prostatectomy, 32 coupled with the high cure rate for organ confined disease, provided a potential for a significant reduction in mortality from prostate cancer due to this early detection and treatment. Presently, there is insufficient data to conclusively determine what benefits, if any, accrue to men as a result of prostate cancer screening. The reason required data is unavailable is that screening with PSA has not been performed long enough to accumulate the required 10 -15-year outcome data necessary to make definitive conclusions. Until such data becomes available, health care providers and policy makers must decide to what extent prostate cancer screening and treatment should be performed. Decisions, at least on an interim basis, must be made now given the impact prostate cancer has on men over 50.
Previous attempts to quantitate the cost and costeffectiveness of prostate cancer screening and treatment have utilized a Markov computer model. With this approach, outcome data from prostate cancer treatment along with assumptions on the natural history of untreated prostate cancer are entered into the computer program to obtain results which have been expressed in terms of quality adjusted life years gained or lost and the cost per quality adjusted life year saved. 1, 2 The output of such computer models is vulnerable to erroneous assumptions in the input data regarding the natural history of the disease, the efficacy of treatment, and the attempt to quantify differences in quality of life.
An additional concept used in these models is applying the financial principle of discounting to the value of future years of life. While the concept of discounting in the financial arena has been validated. (In simplistic terms, financial discounting quantitates differences in the time value of money. For example, a dollar paid to someone today is worth more than a dollar to be paid to someone in one year. The reason for the increased value today is that the recipient does not have to wait one year to obtain the money and therefore will have access to that dollar for investment, consumption or spending.) it does not necessarily follow that a year of life becomes less valuable to a person as that person ages. In the computer models studied, the discount rate applied is 5%. This is an untested approach and, to achieve any validity whatsoever, would require extensive questioning of people of different ages over a multi-year time horizon to determine whether a year of life is worth more to a 60-year-old man than it is to a 70-year-old and if so, whether 5% is the appropriate discount rate. Until such data is available, the validity of discounting the future value of human life is questionable. Given this uncertainty, the present study does not discount future years of life. However, a sensitivity analysis was performed using both a 5% and 10% discount rate for future years of life. Discounting future years of life by 5% would increase the cost per year of life saved to $7147 -9524 for men aged 50 -69 screened by PSA and DRE and to $7646 -9915 for men aged 50 -70 screened by PSA alone, while discounting future years of life by 10% would increase the cost per year of life saved to $13 222 -17 121 for men aged 50 -69 screened by PSA and DRE and to $14 145 -18 343 for men aged 50 -70 screened by PSA alone.
The focus of the present study is to estimate in a quantitative fashion the cost and cost-effectiveness of prostate cancer screening and treatment. This study quantifies only those parameters which can be reliably compared in concrete terms such as dollars, treatment impact on survival, published complication rates and published treatment costs.
The use of the Medicare fee schedule to determine the cost of radical prostatectomy and the treatment of complications represents the most widely accepted source of national average cost data for this procedure. The rationale for using the Medicare fee schedule is that widespread screening will by economic necessity need to be performed as inexpensively as possible. The Medicare fee schedule, although lower than most commercial insurance carriers and some managed care organizations, has not significantly decreased access to health care for Medicare patients. In addition, the present study also considered other published estimates of radical prostatectomy costs. Since the cost of treating complications was not included in these other studies, it was assumed the complication cost ratio would be similar to that seen in the Medicare cost analysis. This approach gave a range of costs for radical prostatectomy. It is possible that the cost of complications may be significantly less for non-Medicare patients since they are younger and generally in better health. If this were the case, the costeffectiveness of RP for treating prostate cancer would increase.
The present study relies on two critical assumptions. The first assumption is that men with organconfined prostate cancer treated with RP have a survival advantage over men with organ-confined prostate cancer treated conservatively. A study by Fleming et al suggested minimal net clinical benefit to treating early prostate cancer. 1 However, their model of untreated prostate cancer used a Swedish study which had patients with primarily well differentiated prostate cancer (65.8%) and relatively little moderately or poorly differentiated prostate cancer (34.2%). 33 This distribution does not accurately reflect the spectrum of disease seen in the United States. The prostate cancer screening trials used in the present study detected 77.6% moderately and poorly differentiated cancers in the PSA and DRE screening trial, 4 and 78.2% moderately and poorly differentiated cancers in the PSA alone screening trial. 5 This distribution of prostate cancer is more closely approximated by the study by Grö nberg et al used in the present analysis, which consisted of 68.6% moderately and poorly differentiated cancers. 9 Several studies have demonstrated that patients with pathologically organ-confined cancer who undergo RP have the same life-expectancy as the general population. 6 -8 These studies addressed men with all grades of prostate cancer, as 65.2%, 6 90.0%, 7 and 85.6%, 8 of the men in these studies had moderately or poorly differentiated disease.
Albertsen et al reported that men aged 65 -75 with conservatively treated low grade prostate cancer had no loss of life expectancy compared to men without prostate cancer. 34 However, the outcome of conservative treatment for low grade cancer does not address the approximately 78% 4,5 of men in the US who present with moderate to poorly differentiated prostate cancer. For men aged 65 -75 with moderately differentiated prostate cancer, Albertsen reported a loss of life expectancy of 4 -5 y while men with poorly differentiated prostate cancer suffered a 6 -8-year loss of life expectancy. These figures match very closely to the findings of Grö nberg et al (4.9 y of life lost for men aged 65 -75 with moderately differentiated prostate cancer and 7.1 y of life lost for men aged 65 -75 with poorly differentiated prostate cancer) and further suggest that this group of patients is a relevant baseline for survival assumptions.
The second critical assumption in the present study is that historical material from Sweden concerning men with cancer diagnosed before the introduction of PSA is directly compatible with a population of men with cancers detected by PSA screening. If a larger proportion of clinically insignificant cancers are detected by screening than by traditional methods of detection, than the number of years of life lost due to prostate cancer calculated in the present study will have been overestimated. Several studies have addressed this issue and confirmed that prostate cancer screening with PSA does not increase the proportion of latent cancer detected when compared to traditional methods of detection. 5, 35, 36 Furthermore, the sensitivity analysis contained in the present study demonstrates that even if the percent of clinically insignificant cancer is doubled, the cost per year of life saved would be increased by less than 10%.
Conclusions
The goal of the present study is to estimate in a quantitative fashion the cost and cost-effectiveness of prostate cancer screening and treatment. This study quantifies only those parameters which can be reliably compared in concrete terms such as dollars, treatment impact on survival, published complication rates and published treatment costs. Using this type of analysis, prostate cancer screening appears to be a cost effective intervention. In contrast, decision analysis models used to evaluate the cost effectiveness of prostate cancer screening and treatment have found little or no benefit. The issue of whether prostate cancer screening is cost effective will be decided definitively only when randomized, controlled trials are available to quantify the costs and benefits prostate cancer screening.
